Pathologic and microbiologic examinations were performed on 1,211 aborted equine fetuses, stillborn foals, and placentas from premature foals in central Kentucky during the 1988 and 1989 foaling seasons to determine the causes of reproductive loss in the mare. Placentitis (19.4%) and dystocia-perinatal asphyxia (19.5%) were the 2 most important causes of equine reproductive loss. The other causes (in decreasing order) were contracted foal syndrome and other congenital anomalies (8.5%), twinning (6.1%), improper separation of placenta (4.7%) torsion of umbilical cord (4.5%), placental edema (4.3%), equine herpesvirus abortion (3.3%), bacteremia (3.2%), fetal diarrhea (2.7%), other placental disorders (total of 6.0%), and miscellaneous causes (1.6%). A definitive diagnosis was not established in 16.9% of the cases submitted. Streptococcus zooepidemicus, Escherichia coli, Leptospira spp., and a nocardioform actinomycete were organisms most frequently associated with bacterial placentitis, and Aspergillus spp. was the fungus most often noted in mycotic placentitis. No viral placentitis was noticed in this series. Dystocia-perinatal asphyxia was mostly associated with large foals, maiden mares, unattended deliveries, and malpresentations. The results of this study indicate that in central Kentucky, the noninfectious causes of equine reproductive loss outnumber the infectious causes by an approximate ratio of 2:1, placental disorders are slightly more prevalent than nonplacental disorders, Leptospira spp. and a nocardioform actinomycete are 2 new important abortifacient bacteria in the mare, the occurrence of contracted foal syndrome is unusually frequent, the incidence of twin abortion has sharply declined, and torsion of the umbilical cord is an important cause of abortion in the mare.
Abortion and stillbirth are major causes of equine oughbred, 123 were Standardbred, 40 were American Sadmortality and cause severe economic loss to the equine dlebred, 59 were unspecified, and the remaining included industry. Causes of equine abortion and stillbirth vary Tennessee Walking horse, Arabian, Morgan, Quarter horse, with geographic area and change with time. 1, 4, 8, 13, 14, 16 Miniature horse, draft horse, and pony. The submissions In early studies, infectious agents were reported as ma-covered a wide range of gestation ages: 79 were < 180 days, jor causes of equine reproductive loss 4 whereas later 126 were 181-220 days, 135 were 221-260 days, 203 were reports indicated that the loss from noninfectious caus-261-300 days, 538 were over 301 days, and the remaining es, e.g., twinning and stillbirth, surpassed the preva-were of unknown gestation age (Table 1 ). The submissions were seasonal; the majority of cases were received from Janlence of those caused by infectious agents. 7, 8 This report uary to May (Table 2) . presents the results from a comprehensive pathologic and microbiologic study on equine abortion and still-Before gross examination was performed, the foal, allantochorion, and amnion were weighed, and the length of the birth cases during the 1988 and 1989 foaling seasons foal from crown to rump and of the umbilical cord were in central Kentucky. measured. Gross lesions were recorded on a mapping sheet. Sections were made from grossly detected lesions and from Materials and methods A total of 1,211 accessions of aborted fetuses, stillborn foals, and placentas from premature foals received at the Livestock Disease Diagnostic Center, University of Kentucky, from February 1, 1988 , to January 31, 1990 , were included in this study. Eight hundred thirty-five of 1,211 accessions were foals with placentas, 257 were foals only, 1 and 119 were placentas only. Nine hundred nine were Thor-the body, gravid horn, and nongravid horn of the allantochorion; the amnion; the umbilical cord; and fetal organs, including brain, thymus, thyroids, lungs, heart, liver, spleen, kidneys, gonads, stomach, intestine, and skeletal muscle. All sections were stained with hematoxylin and eosin. Special stains, including the Brown and Brenn Gram stain, Brown and Hopps Gram stain, Gomori's methenamine silver stain, and Warthin-Starry stain, were applied when needed.
Samples of the allantochorion, stomach content, lung, and liver were cultured for bacteria and fungi as previously de-From the Livestock Disease Diagnostic Center, University of Ken-scribed. 6 Direct fluorescent antibody tests were conducted on tucky, Lexington, KY 40511. liver, kidney, and placenta to detect Leptospira spp. 5 Fetal Received for publication November 9, 1992. fluid from the thoracic cavity or pericardial sac and heart 
Results
The causes of equine abortion, stillbirth, and premature birth noted in central Kentucky during the 1988 and 1989 foaling seasons are listed in Table 3 . The placental disorders were as important as nonplacental disorders, and noninfectious causes were much more prevalent than infectious causes. Placentitis and dystocia-perinatal asphyxia were 2 outstanding causes of reproductive loss in the mare. The next most important causes were contracted foal syndrome-other anomaly and twinning, followed by torsion of the umbilical cord, equine herpesvirus infection, bacteremia, placental edema, fetal diarrhea, and improper separation of the placenta.
Placentitis. Placentitis was the single most important cause of equine reproductive loss. Nearly 20% of the cases included in this study were attributed to placentitis. Placentitis causes the mares to expel foals at various stages of gestation, depending upon the etiologic agent and gestation age at the time of infection. The mean (± SD) gestation age for this group was 276.61 51.91 days. The most common pathogens isolated ± or demonstrated were Streptococcus zooepidemicus, Leptospira spp., Escherichia coli, a nocardioform actinomycete, fungi, Pseudomonas aeruginosa, S. equisimilis, Enterobacter agglomerans, and Klebsiella pneumoniae. A high prevalence of Leptospira spp. and of a nocardioform actinomycete was noted in this 2-year study. The cause of placentitis was not identified in approximately 25% of the cases. Descriptions of placental lesions associated with each pathogen have been described previously. 6 Important pathologic alterations generally attributable to some infections were recognized. Most simple bacteria either caused acute diffuse placentitis that induced early gestational abortion or a near term chronic focal placentitis ( Fig. 1) usually located at the cervical star. Leptospira spp. was associated with diffuse placentitis (Fig. 2) and a large number of spirochetes were present in the stroma. The nocardioform actinomycete induced a chronic placentitis at the junction of the body and horns of the placenta. Fungi frequently induced a chronic focal placentitis at the cervical star area.
Dystocia-perinatal asphyxia. This syndrome referred to those foals with perinatal asphyxia due to delayed delivery (dystocia). Dystocia caused by contracted foal syndrome and perinatal asphyxia caused by improper separation of the placenta were not included in this group. This syndrome caused approximately 19.5% of the reproductive loss in this series. It usually occurred at term pregnancy, with a mean gestation age of 330.48 ± 22.8 days. Unattended deliv- Table 3 . Etiology and prevalence of equine abortion and stillbirth in central Kentucky during 1988 and 1989 foaling seasons. surface of equine placenta with chronic bacterial placentitis. Note mucoid exudate covering the cervical star and eries, malpresentation of foals, maiden mares, and large foals were causes of this syndrome. Major diagnostic features were large foals, fractured ribs, bruised costochondral junction of ribs, contusion of the epicardium, hemoarthrosis of shoulder joints, edema of soft tissues at the thoracic inlet and mesenteric root, petechiation (especially in the lung), and internal bleeding due to trauma of internal organs. The lungs of these foals ranged from completely atelectatic, partially aerated, or fully aerated. The tracheae of the foals with partially or fully aerated lungs were frequently full of froth.
Twinning (twin abortion). In this study, 6.1% (74) of the cases had twin placentation, which resulted in abortion. Twin abortion occurred over a wide range of gestation ages, with a mean gestation age of 261.19 ± 57.75 days. In the majority of cases, 1 fetus was larger and fresher than the other fetus, which was usually smaller and autolytic or mummified. The presence of large areas of avillous chorion ( Fig. 3 ) and emaciation with a slightly yellow discolored liver were characteristic of foals from twin abortion. Younger mareswere at greater risk for twin pregnancy. The mean age of mares in this group was 10.74 ± 4.78 years.
Contracted foal syndrome and other congenital anomalies. Anomalies accounted for 8.5% (103) of the cases of reproductive loss in the study. Foals in this group were expelled in late gestation, with a mean gestation age of 316.86 ± 35.10 days. Sixty-two cases were contracted foal syndrome, which referred to the contracture of limbs with or without scoliosis and facial deviation. Contracture (Fig. 4 ) was seen more often in forelimbs (87.2%) than hind limbs (74.5%), although it was not uncommon to see all four limbs (6 1.8%) affected. Nearly one half (49.1%) of contracted foals had scoliosis, and 18.1% had facial deviation. A contracted foal would often cause dystocia (60.0%), and in severe cases a fetotomy was required to remove the foal. Other anomalies noted in this study were hydrocephalus, anencephaly, meningocele, microophthalmia, wry nose, cleft palate, umbilical hernia, diaphragmatic hernia, cardiac anomaly, epitheliogenesis imperfecta, dystrophic chondropathy, patent urachus, scoliosis, and hydronephrosis.
Equine herpesvirus abortion. In the 2-year period of this study, 41 cases (3.3%) of equine herpesvirus (EHV) abortion were recorded. All 41 cases had morphopathologic evidence of EHV infection. Fluorescent antibody tests failed to detect EHV antigens in 5 cases, but viral isolation attempt did recover the virus from all cases. Abortion induced by this virus occurred in late gestation, with a mean gestation age of 291.64 ± 42.44 days. Abortion occurred in mares vaccinated with a killed-virus vaccine and in mares vaccinated with an attenuated virus vaccine. Multiple abortions were observed on 1 farm, but "abortion storms" were not recorded in this study. Common lesions induced by EHV were thoracic effusion, distended stomach, interstitial pneumonia, necrotizing bronchiolitis, hepatitis, adrenalitis, thymitis, lymphadenitis, splenitis, and the presence of intranuclear inclusion bodies in the affected tissues. The pulmonary lesions were more prominent in term foals. Enteritis was also a common finding, and the presence of intranuclear inclusion bodies in the enterocytes was observed as often as in other organs.
Torsion of umbilical cord. Abortion in the mare due to torsion of the umbilical cord was more prevalent than expected. Fifty-five cases (4.5%) of reproductive loss were attributed to this condition, which usually occurred between 6 and 9 months of gestation, with a mean gestation age of 216.73 ± 39.60 days. In most cases, the length of the umbilical cord was long; the mean umbilical cord length was 71.97 ± 21.68 cm, as compared with 52.36 ± 14.51 cm for a group of 28 term foals with normal placenta. The other common lesions were swelling and edema of the umbilical cord ( Fig. 5) and engorged blood vessels with calcified material or erythrocytes in the allantochorion.
Improper placental separation. This condition included improper rupture of the placenta and premature placental separation. In this study, these disorders accounted for 4.7% (52 cases) of total reproductive loss of the mare. The mean gestation age for foals in this group was 313.28 ± 29.83 days. A large number of cases were caused by improper rupture of the placenta; the placenta ruptured at the junction between the horn and the body, not at the cervical star (Fig. 6 ). The entire placenta was fresh, and the body and gravid horn of the allantochorion usually were moderately edema- Figure 6 . Improper rupture of equine placenta. Note the site of rupture at the junction of the horns and the body, and note the intact cervical star. tous. The causes of improper rupture of the placenta were not completely known, but it was often associated with the chronic placentitis at the body, which was classified in the placentitis group in this study, or placental edema at the body and gravid horn, in which the cervical star became thick and failed to rupture at the time of foaling. When the placenta ruptured at the junction of the body and horn, a red bag presentation was noted. The foal died of asphyxia if immediate assistance was not administered. Only a few cases in this group were actually premature separation of the placenta from the uterine wall prior to labor. The chorion of the premature separated portion was clay colored and dull, in contrast to the normal fresh red velvet appearance.
Fetal diarrhea. This poorly understood condition accounted for 2.7% (33 cases) of reproductive loss in the mare in central Kentucky. It occurred in late gestation, with a mean gestation age of 320.00 ± 31.58 days. The exact causes of fetal diarrhea was not known, but placentitis, uterine infection, twinning, contracted foal syndrome, recent change of pasture, shipping, or sale were noted. Grossly, the entire amnion and the allantoic surface of the allantochorion were greenish brown to brown in color. The meconium was liquified and occasionally regurgitated to the stomach. The skin of the foal was frequently stained with meconium, and most foals were born weak and died of aspiration pneumonia or septicemia shortly after birth. Microscopically, inflammation and calcification of the amnion and allantois, funisitis, and amnion nodosum were frequently seen.
Placental edema. Placental edema accounted for 4.3% (52 cases) of reproductive loss in this 2-year study. It occurred in late gestation, with a mean gestation age of 323.76 ± 34.37 days. Grossly, there was a diffuse thickening of allantochorion ( Fig. 7) and amnion. The mean weight of the allantochorion and the amnion was 6.78 ± 2.02 kg and 3.23 ± 1.32 kg, respectively. In severe cases, a clear vesicular cyst conglomerate was visible from the chorionic surface or cut surface of the allantochorion. Microscopically, edema was observed in the vascular layer, chorionic stroma, and villous stroma. The etiology of placental edema was not completely defined, but endophyte toxicity associated with fescue pasture was identified as one of the causes.
Bacteremia. Abortion due to bacteremia was recorded in 39 cases (3.2%) and occurred mostly before midgestation; the mean gestation age was 257.51 ± 57.99 days. Common bacteria isolated were similar to those causing acute placentitis. The salient pathologic features of this group were the presence of bacterial emboli in fetal organs and placenta with little tissue reaction. A pure culture of the bacterium was often obtained from multiple organs of the fetus and placenta.
Other placental conditions and miscellaneous lesions. Other placental conditions included body pregnancy, villous hypoplasia, calcification of the allantochorion or amnion, sacculation of the umbilical cord, presence of amorphus globusus, and infarct of the allantochorion or amnion. Miscellaneous conditions included stress abortion due to the mare's illness, uterine torsion, colic surgery, and trauma.
Discussion
The reported causes of abortion and stillbirth in mares change with time. Equine herpesvirus abortion was once the greatest threat to the breeding horse farm. 4 However, since the implementation of vaccination, EHV has not been as important as other causes. In this 2-year study, only 41 cases (3.3%) of abortions were attributed to this virus. Twinning was also once reported as the single most important cause of reproduction loss in mares. 7, 16 Because early detection of a twin pregnancy by ultrasound technology occurs more frequently and twin reduction techniques have improved, twinning is no longer the leading cause of reproductive loss. In this study, 74 cases (6.1%) were recorded in 2 years.
Placentitis has emerged as a leading cause of equine reproductive loss. It accounted for 20% of reproductive failure in this study. Equine placentitis is usually an ascending infection and is attributed to the simple structure of the uterine cervix in the mare, as evidenced by the following findings: 1) the cervical star area is the most frequently affected area, and 2) the bacteria isolated from placentitis cases are those most frequently isolated from the external genital tract. 11 The infectious agents noted in this study are mostly the same as those in previous reports, 9, 14, 17 but 2 new important etiologic agents, Leptospira spp. and a nocardioform actinomycete, were identified in this study. As in other animal species, Leptospira spp. induced a remarkable placentitis, with many spirochetes in the placental tissues. The nocardioform actinomycete, a gram-positive, filamentous branching bacillus, induced a chronic, focally extensive placentitis that could be grossly confused with mycotic placentitis.
Dsytocia-perinatal asphyxia was noted as one of the most important causes of equine reproductive loss. This condition can result from any factor that causes delay in the delivery of the foal. Malpresentation and contracted foal are 2 probable causes, but they probably play a minor role. The majority of dystocia-perinatal asphyxia cases in this study were caused by a large foal, foaling without assistance, or foaling by a maiden mare. Furthermore, mares are notorious for foaling at night; 86% of Thoroughbred mares foaled at night. 2 Night foaling is further complicated by the brief foaling process; normally, the entire delivery only lasts 17 minutes after rupture of the allantochorion. These 2 factors add to the probability of unattended delivery.
There was a high frequency of congenital anomalies, especially contracted foal syndrome. A total of 103 cases (8.5%) were recorded in this 2-year study. An estimated 2 out of every 1,000 foals had some malformation. The anomalies probably are not related to a simple genetic factor, especially in the Thoroughbred, for which artificial insemination is not applied and inbreeding is not a problem. One study reported that an average of 3.99% of equine accessions for necropsy from a 13-year period in central Kentucky had congenital defects. 3 This report also indicated that in 11/ 16 pairs of twins, the congenital defects only affected 1 twin. This finding tends to discount the importance of hereditary factors in the induction of congenital defects in foals, and in this previous study the author speculated that an unknown chemical teratogen might have been involved. 3 The significance of torsion of the umbilical cord in causing abortion in mares has long been a subject of debate. Reports on equine abortion due to torsion of the umbilical cord are few because most pathologists are not very familiar with this condition. Not until recently has conclusive evidence been present to link this disorder to abortion in mares. 15 The increase in cord length led to strangulation and excessive torsion with vascular occlusion, which resulted in abortion. The characteristic placental lesions described were the presence of calcified material in the allantoic blood vessels and capillaries of the villi. 15 By using this criterion plus gross lesions, we identified an unprecedented number of equine abortions due to this condition. These cases occurred between 6 and 9 months of gestation, as in the previous report.
Placental edema is a new placental disorder associated with stillbirth of foals. The causes of placental edema are probably many, although endophyte tox-4. icity associated with fescue pasture has been considered the principal culprit by some workers. Experi-5.
mentally, endophytes cause placental edema and induce retained placenta and agalactia in mares. l0 , l2 6.
Fetal diarrhea, like placental edema, is also poorly understood. The mare's illness, surgery stress, ship-7 * ping, new pasture, placentitis, and foal disorders have been reported as associated with fetal diarrhea. Most 8 ' foals with fetal diarrhea are born alive but die of aspiration pneumonia or septicemia shortly after birth. 9. Ambitious vaccination practice for equine herpesvirus has resulted in tremendous reduction in the incidence of viral abortion in mares. However, a small 10 .
number of mares that have been properly vaccinated with EHV vaccines still abort, possibly because of la-11. tency of the virus and because stress may activate the latent virus.
This report updates the most recent findings on the 12.
causes of equine abortion and stillbirth in central Kentucky. The findings indicate that old disorders such as placentitis and stillbirth still exist, but local or new 13. disorders such as placental edema, congenital anomalies, and torsion of the umbilical cord have emerged 14.
and deserve special attention.
